(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 

(43) International Publication Date 
10 April 2003 (10.04.2003) 




PCT 



(10) International Publication Number 

WO 03/030146 Al 



(51) International Patent Classification 7 : G10K 11/178 

(21) International Application Number: PCT/IB02/03728 

(22) Internationa! Filing Date: 

9 September 2002 (09.09.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

01203737.0 



3 October 200 1 (03 . 1 0.200 1 ) EP 



(71) Applicant: KONINKLIJKE PHILIPS ELECTRON- 
ICS N.V. [N17NL]; Groenewoudseweg 1, NL-5621 BA 
Eindhoven (NL). 

(72) Inventors: AARTS, Ronaldus, M.; Prof. Holstlaan 6, 
NL-5656 A A Eindhoven (NL). SCHOBBEN, Daniel, W., 
E.; Prof. Holstlaan 6, NL-5656 AA Eindhoven (NL). 



(74) Agent: GROENENDAAL, Antonius, VV„ M.; Interna- 
tionaal Octrooibureau B.V., Prof. Holstlaan 6, NL-5656 
AA Eindhoven (NL). 

(81) Designated States (national): CN, JP, KR. 

(84) Designated States (regional): European patent (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FT, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE, SK, TR). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: METHOD FOR CANCELING UNWANTED 




lAKER SIGNALS 

(57) Abstract: In a method for canceling unwanted 
signals from at least one external sound source, such as 
a loudspeaker, by means - of headphones provided with 
microphones, at least known sound signals from the at least 
one external sound source are compensated by an ti -phase 
sound signals. These sound signals simulate the at least 
known sound signals from said at least one external sound 
source in anti-phase. Said anti-phase sound signals are 
generated in the headphones in response to signals derived 
from audio input signals of the at least one external sound 
source in a filter device which is controlled by the resulting 
microphone signals. 
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Method for canceling unwanted loudspeaker signals 



The invention relates to a method for canceling unwanted signals from at least 
one externa! sound source, such as a .oudspeaker, bymeans of headphones provided wtth 
phones. ^ ^ ^ ^ , ^ cmcelIalion 

system for headphones is known, m mis document a noise cancelation system for cancehng 

microphones, included in the headphones, pica up sound signals m me headphones. B^don 
Tgntds from the microphones the unknown noise is estimated whereafter anh-norse srgnafc 
derated by means of a noise collation al^rimm. The. anti-noise at^ais, supph* 

same time someone else is washing television, me application of noise canceUahon 
• U from the loudspeakers of the television. However in that case, mstead of unknown 
TJZ^Z When, such noise cancellation systems of tire ahove described type a. used, 

ZZLsL other sounds-tikeconversations in the room, which are no, comtng from 

the loudspeakers will be suppressed too. 11T , wnnte d 

^ fir,ri a method for cancellation unwanted. 

The purpose of the invention is to find a method, ior can 

^omatieast one externa, sound source, in which me disadvantages of me abovenorse 

cancelation systems are avoided or at leas, «^ ^ &r canceling 

Therefore, according to the invention, there is proviaea 

ocadohones provided with microphones, wherein a, leas, known sound s.gnals from me at 
^T— soundsour.a.—edbysonndsignafs.s— manti,^ 

,- • j 4. 1 «t,p pvtemal sound source, said anti-pnasc 
ti*. »t least known sound signals from said at least one external soon 
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audio signals of the at least one external sound source in a filter device which is controlled by 
the resulting microphone signals. The advantage of this method is that, because the unwanted 
signals are already known, no estimation of the noise, i.e. the unwanted signals, is necessary, 
the cancellation method according to the invention is much easier, while the disadvantages of 
5 the cancellation of unknown noise, as indicated above, is avoided. 

In a first embodiment, during initialization, the characteristics of the filter 
device are computed by means of a sound source simulation algorithm, which algorithm 
controls the characteristics of the filter device such that the signals of the microphones are 
minimized or become substantially zero. 

10 After this initialization, the filter device is fixed. Although mis embodiment is 

relatively simple to implement, the cancellation of the unwanted sound signals will only work 
if the headphones listener does not move his or her head. 

Therefore in a preferred, second embodiment, to obtain a set of different filter 
characteristics, the process of computing is performed on various places in the direct 

1 5 neighborhood of the listening position, while during sound reproduction one set of said filter 
characteristics is selected by means of the algorithm, depending on the position of the head of 
the person who wears the headphones, which position is indicated by a head tracker. It may 
be noted that head trackers are known per se, for example from European patent application 
EP-A-0 762 803. 

2Q The method of suppression of known unwanted signals may be combined with 

a reducing of unknown unwanted, particularly environmental noise signals. In that case the 
method according to the invention is further characterized in that, while known unwanted 
signals from the at least one external sound source are suppressed, unknown unwanted, 
particularly environmental noise signals are reduced by deriving from the microphone signals 

25 further signals which, after being converted into sound signals represent in anti-phase said 
unknown unwanted signals. 

It is desired that the person wearing the headphones may listen to his or her 
own music, while the unwanted signals from the at least one external sound source are 
suppressed. Therefore, further according to the invention, the method is characterized in that, 

30 while unwanted signals from the at least one external sound source are suppressed, a further 
audio input signal is supplied to the headphones and a correction signal is applied to the 
microphone signal, said correction signal being derived from said further audio input signal 
such that the corrected microphone signals are still rmnimized or become still substantially 
zero. 
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The invention also relates to a sound reproducing system, for applying the 
meutod described ahove, comprising headphones with sound generating means and wtua 

contio! me sound signal generated by said sound generating means to smmlate at least 

regulate said filter device such that the signal supphed by tire microphones and fetiteme 
ell. means are minimis or substantial zero when aaid Known audio mpu, stgnal ts *ao 
,o said at leas, one external sound source. Particularly the con**! means compnsea^ 
Zu source simulation algorism «o detemune one or more sets of filter characters, each 
Z^r characteristic corresponding with one position of me head of me person who 
^headphones, mcasemore sete of fitter characteristics a* established, a head 
3L b providen by means of which me position of me bead of me person who wears me 
TT* - bedLmined Tbe international paten, application WO 01/49066 shows a 

said international palen, appUcation is operabie in me fofiowmg ,wo phase,* 

fl. filter device is adjusted in such a manner ma, by means of a* aud,o mpu, agnal supphed 

"teniae a U is generated in me sound generating means which compensates 

, ■ m. . lict^er ears The sound is than generated by 
cueing of unknown unwanted, partly environmentel noise sound signs* tire contiol 

l^ncfmesoundgeneratingmeanstetiaemicrophonesisabouu^overacertam 
or her own music, while tiae unwanted signais fiom tiae a, leas, one externa, sound source are 



WO 03/030146 PCT/1B02/03728 

4 

suppressed, the control means may further comprise combination means and further 
correction means to insert a further sound signal to the sound generating means and to correct 
the microphone signal with a correction signal derived from said further audio input signal, 
the transfer function of the correction means substantially being the same as the transfer 
function of the sound generating means to the microphones. 

The invention further relates to an algorithm, applied in the method described 
above, for processing the above filter device. 

The invention will be apparent from and elucidated with reference to the 
example as described in the following and to the accompanying drawing, which shows in Fig. 
1 schematically the sound reproducing system according to the invention. 



In the example described there are five external sound sources in the form of 
loudspeakers 1-5, viz. for an audio center channel, left and right channels and surround 
channels. The audio input signals for these loudspeakers are indicated by respectively xc ? x L , 
Xr, xls and Xrs, in general Xj. In the center of the figure the head of a person is indicated; this 
person carries headphones 6 with sound generating means 7 and microphones 8. The 
processing according to the invention is only considered for the left ear of said person as the 
processing for the right ear is likewise. The microphone 8 supplies a microphone signal m in 
response to sound signals from the loudspeakers 1-5 and from the sound generating means 7. 
The input signal of the sound generating means 7 is supplied by control means 9. These 
control means comprise a filter device 10 with filters 11-15 and combination means 16, and 
regulating means 17. The transfer function of the filters 1 1-15 is indicated by respectively 
hc,u hL,u h RjL , hisx and h^u in general hi, L> The input signals of these filters are chosen for 
sake of simplicity to be the same as the input signals for the loudspeakers, viz. x c , x L , xr, Xls 
and xrs respectively. The filter device 10 supplies a signal I Xi.hi |L to the sound generating 
means 7. The "point" in this and following mathematical expressions means a multiplication 
in the frequency domain and a convolution in the time domain of the relevant signals and 
functions. 

Apart from the signal supplied to the sound generating means 7 via lines 18 
and 19 and the combination means 20, which will be discussed later on, the output signal of 
the sound generating means 7 established by the microphone 8 can be represented by 
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n. Z x, h, t wi<h gx L the transfer taction of the sound generating mean, 7 to the left 

Sarerepresenfcdby ^ ^ gx^rand ^ in genera! gs,, man me s,gnal m 
from the left microphone 8 can be represented by : 

m " £ x,t h " S + «^—t— - - d reEUtated by meaiIS of 3 Mund 

source summon algorrthm in 4. regulation means such that m is ntinimized, with m=0 „ 
to idea! sftuafion. Ms means mat, after initialization, me signals from me sound gating 
m eans 7 are cua. ,o «he signals ftom the loudspeakers, hut in anti-phase, and thus mat hy 
mea ns of said Afters the sound signs* from me loudspeakers are simulated. 

When me filters 1 1-15 are adjusts during initialization, « such a way ft* 

„e ob«ained. m ma, ease me tiansfer tacfions of me filters 11-15: h,,r- W 

When me person wearing me headphones moves or takes anofter loeahon fte 
^fer tactions fiom the loudspeakers 1-5 to me microphones change, so ma, me tiansfer 

AUhough in ma, case fte initiaUzation oan he repealed for me new posmon, 

position! a se, of filler characteristics is estubtished and s,ored in me regulation means 17^By 

Zeadof mepersonwearmgmeheadphones eanhe cashed and aspecfic se, of filter 

of me head backer is no, sufficient i, is of advance ma, a filter w, * 

characteristics is used or with fifter characteristics which, each hme me head o, me person 

wearing me headphones moves, are gauged (updated) continuously. 

When me suppression of known unwanted sound signals wftl he combmed 
wa, a reducing of unknown unwanted sound signais, such as environment noise stgna* 

said correction means 22 is supplied to me sound generating means 7 v» me tin 19 «1 * 

Slte r device 10. The transfer taction of the correction means 22, v.. g*„ >s such ft* fte 
^duc, of me latier transfer taction wfth me tiansfer taction of me sound generating 
mM ns 7 «o me microphones 8 is abou, 1 (one) over a certain frequency range: 

gX L . g'XL« I- 
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The sound generating means 7 reproduce sound signals which approach the 
unknown unwanted sound signals, but in anti-phase, which leads to a reduction of said 
unknown unwanted sound signals. 

When the person wearing the headphones likes to listen to some music, a 
desired audio signal Xd thereof may be supplied to the combination means 20 via the line 1 8 
and added to the signals from the filter device 10. However, in that case in the expression for 
m, a term Xd.gXL is introduced. Li order to compensate for this term in the connection 
between the microphone 8 and the regulation device 17 combination means 23 are inserted. 
In these combination means 23 the value of the microphone signal is diminished with a value 
Xd.gXL, derived from further correction means 24. The transfer function of these further 
correction means 24 is substantially the same as the transfer function from the sound 
generating means 7 to the microphone 8. 

By means of the above described sound reproducing system, after 
initialization, known unwanted signals from the loudspeakers are suppressed, independent of 
the position where the person, carrying the headphones, is located in the room where the 
loudspeakers are arranged, while further optionally unknown unwanted sound signals can be 
reduced. 

The method and the embodiment described above may be realized by an 
algorithm, at least part of which may be in the form of a computer program capable of 
running on signal processing means in an audio apparatus or cooperating with an audio 
apparatus comprising the sound reproducing system according to the invention. In so far part 
of the figure shows units to perform certain programmable functions, these units can be 
considered as subparts of the computer program. 

It may be noted that, although not indicated in the figure, corresponding 
control means are provided to suppress unwanted signals in the right ear. 

The invention is not restricted to the described embodiment. Modifications are 
possible. For example, the number of external sound sources is irrelevant. The audio input 
signals applied to the filters need not to be equal to the audio input signals of the 
loudspeakers; it is sufficient when there is a relation between both audio input signals. 
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CLAIMS: 



1 Method for canceling unwanted signals from at least one external sound 
source, such as a loudspeaker, by means of headphones provided with microphones, wherein 
at least known sound signals from the at least one external sound source are compensated by 
sound signals, simulating in anti-phase the at least known sound signals from said at least one 
external sound source, said anti-phase sound signals being generated in the headphones m 
response to signals derived from audio input signals of the at least one external sound source 
in a filter device which is controlled by the resulting microphone signals. 

2 Method for canceling unwanted signals from at least one external sound 
source according to claim 1, wherein, during initialization, the characteristics of the filter 
device are computed by means of a sound source simulation algorithm, which algonthm 
controls the characteristics such that the signals of the microphones are nfrnimized or become 
substantially zero. 

3 Method for canceling unwanted signals from at least one external sound 
source according to claim 2, wherein, to obtain a set of different filter characteristics, the 
process of computing is performed on various places in the direct neighborhood of the 
listening position, while during sound reproduction one set of said filter characteristics 1S 
chosen by means of the algorithm, depending on the position of the head of the person who 
carries the headphones, which position is indicated by a head tracker. 

4 Method for canceling unwanted signals according to anyone of the preceding 
claims, characterized in that, while known unwanted signals from the at least one external 
sound source are suppressed, unknown unwanted, particularly environmental noise s lg nals 
are reduced by deriving from the microphone signals further signals which, after being 
converted into sound signals represent in anti-phase said unknown unwanted Slg nals. 

5 Method for canceling unwanted signals from at least one external sound 
source, according to anyone of the preceding claims, characterized in that, while unwanted 
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signals from the at least one external sound source are suppressed, a further audio input 
signal is supplied to the headphones and a correction signal is applied to the microphone 
signal, said correction signal being derived from said further audio input signal such that the 
corrected microphone signals are still minimized or become still substantially zero. 

6. Sound reproducing system, for applying the method of any one of the 
preceding claims, comprising headphones with sound generating means and with 
microphones, and control means, the control means being provided with a filter device to 
control the sound signal generated by said sound generating means to simulate at least one 
extemai sound source in response to a known audio input signal and with regulation means to 
regulate said filter device such that the signals supplied by the microphones and fed to the 
control means are minimized or substantially zero when said known audio input signal is also 
supplied to said at least one external sound source. 

7. Sound reproducing system, according to claim 6, characterized in that the 
control means comprises a sound source simulation algorithm to determine one or more sets 
of filter characteristics, each set of filter characteristics corresponding with one position of 
the head of the person who wears the headphones. 

8. Sound reproducing system according to claim 6 or 7, characterized in that a 
head tracker is provided by means of which the position of the head of the person who wears 
the headphones can be determined. 

9. Sound reproducing system according anyone of the claims 6-8, characterized 
in that the control means further comprise combination means and correction means to 
provide, in response to the microphone signals, for signals, which, supplied to the sound 
generating means, reduce unknown unwanted, particularly environmental noise signals, the 
transfer function of the correction means being such that the product of the latter transfer 
function with the transfer function of the sound generating means to the microphones is about 
1 (one) over a certain frequency range. 

10. Sound reproducing system according to anyone of the claims 6-9, 
characterized in that the control means further comprise combination means and further 
correction means to insert a further sound signal to the sound generating means and to correct 
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• al derived from said further audio input signal, 
fee microphone signal with a correction signal derived from 

. m^ctnntiallv being the same as the transier 

the transfer function of the correction means substantially being 

function of the sound generating means to the microphones. 

filter device in anyone of the claims 6-1 0 and 
1 1 Algorithm for processing the filter device in any 

applied in the method of anyone of the claims 1-5. 

Audi o apparatus, pro^ 
anyone of the claims 6-10. 

Computer pro*™ capabfc of ruling on signal processing means .in an audio 

according to anyone of the claims 6-10. 

reformation carrier, casing ins— «, be execute* by aigaa, posing 

method according to anyone of the claims 1-5. 
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